We present a complete library of synthetic spectra based on Kurucz's codes that covers the 2500-10 500 Å wavelength range at resolving powers R P =20 000, 11,500, 8500, 2000 and uniform dispersions of 1 and 10 Å/pix. The library maps the whole HR diagram, exploring 67800 combinations of the atmospheric parameters spanning the ranges: 3500 ≤ T eff ≤ 47 500 K, 0.0≤ log g ≤ 5.0, −2.5 ≤ [M/H] ≤ 0.5, [α/Fe] = 0.0,+0.4, ξ =1,2,4 km s −1 , 0 ≤ V rot ≤ 500 km s −1 . The spectra are available both as absolute fluxes as well as continuum normalized. Foreseen applications of the library are briefly discussed, including automatic classification of data from spectroscopic surveys (like RAVE, SLOAN, GAIA) and calibration of differential photometric indices. Data distribution and access to the library via dedicated web page are outlined.
Introduction
The interest in large and complete synthetic spectral libraries ranges over many different application areas, including (a) automatic analysis and classification of large volumes of data, like those collected by ongoing spectral surveys, (b) calibration of classification criteria, (c) calibration of differential photometric indices, and (d) derivation of accurate radial velocities via cross-correlation against carefully chosen templates.
Recently, Zwitter, Castelli & Munari (2004) in a project coordinated with the present work, have published an extensive library of far-red synthetic spectra that covers the wavelength range of the ground-based RAVE spectroscopic survey (8430-8740 Å) and the ESA's space mission GAIA (8480-8740 Å), at their respective resolving powers (R P 8 500 and 11 500). A few other spectral grids are available in literature, but they too generally focus on limited spectral ranges (e.g. Chavez et al. 1997) . There is only one grid covering a wide wavelength range, from 3000 to 10 000 Å, and it has been recently presented by Murphy & Meiksin (2004) . It is based on Kurucz's codes and its resolving power is R P =250 000, to be degraded at the resolution of interest by the users. This grid is primarily intended for stellar population synthesis works, and thus it has to cover the widest possible range in metallicity. For this reason Murphy & Meiksin used only Kurucz's atmospheric models based on old opacity distribution functions (ODFs) which are those still covering the widest range in [Fe/H]. The models they used with Send offprint requests to: munari@pd.astro.it T eff ≤9000 K were computed with the overshooting option for the mixing-length convection switched on. Such a representation for the convection is known to provide a poorer agreement with the observations than the no overshooting case (Castelli et al. 1997 , Smalley & Kupka 1997 , Gardiner et al. 1999 . The grid of synthetic spectra presented in this paper is instead based on the new ODFs model atmospheres by Castelli & Kurucz (2003) , which include improvements in the input physics, the replacement of the solar abundances from Anders & Grevesse (1989) with those from Grevesse & Sauval (1998) , and the inclusion of new molecular linelists for TiO (from Schwenke 1998, as distributed by Kurucz 1999a) and H 2 O (from Partridge & Schwenke 1997 , as distributed by Kurucz 1999b . Our grid also explores a much broader range of parameters, extends over the wider wavelength range 2500-10 500 Å and it has computed with the overshooting option switched off. For completeness and comparison purposes, we computed the spectra also with the old model atmospheres for T eff ≥5000 K, i.e. for temperatures not requiring the inclusion of TiO molecules. 67800 spectra in all were computed to cover the range of basic parameters (T eff , log g, [M/H], [α/Fe], V rot , microturbulent velocity ξ) outlined in Table 1 and Figure 1 . Each spectrum is given at six different resolutions, both as absolute fluxes and as normalized intensities.
The spectra
The whole grid was computed using the SYNTHE code by Kurucz (Kurucz & Avrett 1991 , Kurucz 1993 ), on a 2, 5, 10, 15, 20, 30, 40, 50, 75, 100 for T eff ≤ 6000 K 0, 10, 20, 30, 40, 50, 75, 100, 150, 200, 250, 300, 400, 500 In computing the version of the spectra based on the old ODFs, we adopted the model atmospheres with the overshooting option switched off (Castelli, Gratton & Kurucz 1997) , which is the default option for those based on the new ODFs. We used the Kurucz's atomic line-lists in the calculation of the synthetic spectra. The effects of several molecules were taken into account, including C 2 , CN, CO, CH, NH and OH. The TiO molecular lines were included in the computation when T eff ≤ 5000 K.
The so-called "predicted lines" (PLs) were not included into the linelists we have used. Even if improving the photometric performances, the inclusion of PLs in the computation of spectra would have however damaged the spectroscopic use of the grid, our primary goal, by introducing computed lines which may do not have an observational counterpart at the predicted wavelength (cf Bell et al. 1994 , Castelli & Kurucz 2004 . It is worth noticing that the inclusion or absence of PLs does not affect the use of the grid in computing narrow-band differential photometric indices or even broad-band indices when normalization to suitable photometric standards is imposed, as discussed below in sect. 4.
The synthetic spectra are calculated and made available both as fluxes for unit wavelength and as normalized intensities. The latter have a different meaning from the normalization of the continuum of the observational spectroscopy jargon, where the location of the continuum is taken to be represented by the regions away from absorption lines or bands. In the synthetic spectra, continuum normalized spectrum is obtained by dividing the absolute fluxed spectrum by its calculated continuum. Noticeable differences are essentially limited to the head of the Paschen and Balmer series of hydrogen, and to the coolest stars dominated by molecular bands.
Each spectrum is provided for a range of rotational velocities, as detailed in Table 1 , spanning 14 values between 0 and 500 km s −1 for stars hotter than 6000 K and 11 values between 0 and 100 km s −1 for cooler ones. The computed grid covers a large range in atmospheric parameters, with step small enough for linear interpolation between adjacent points to be reliable (cfr. Zwitter et al. 2004 ). The grid coverage in the parameters space is shown in Figure 1 . We plan to keep the grid presented in this paper updated by the inclusion of additional batches of synthetic spectra as new model atmospheres will become available, and to post the new spectra on the library web site (see below).
The library
The spectra were calculated at a resolving power R P =λ/∆λ=500 000 and then degraded by Gaussian convolution to lower resolving powers and properly re-sampled, to limit the data volume and therefore facilitate the distribution. The highest provided resolving power is R P =20 000, which is typical of moderately high resolution observing facilities as the spectral database of real stars of Munari and Tomasella (1999) , Marrese et al. (2003) and Munari et al. (2005, in preparation) . It seems improbable that future spectral surveys covering large numbers of objects will work at resolutions higher than this.
The spectra are also provided at resolving powers R P =11 500, R P =8500 and R P =2000 that match the resolution of the GAIA space mission (Katz et al. 2004) , of the RAVE southern sky survey (Steinmetz 2003 , Munari et al. 2004b , and of the high galactic latitude SLOAN SDSS survey (York et al. 2000) , respectively. In addition, two further version of the grid are provided, in the form of 1 and 10 Å pix −1 (2 pix FWHM resolution) uniform dispersions. They should be useful in classification of medium and low resolution grating spectra obtained in single dispersion mode (like with conventional B&C spectrographs or EFOSC-type imager/spectrographs), as well as in photometric applications of the type described in the next section.
The explored combinations of parameters in Table 1 give rise to 67800 spectra, each provided in six different combinations of resolving power and sampling, and two flux varieties (absolute units and normalized to the continuum). The total number of individual spectra contained in this library is therefore 67800×6×2=814000. The spectra are given as gzipped ASCII files containing only the flux column, the common wavelength column being provided separately only once for each of the six resolutions. The adopted scheme for the naming of files is outlined in Table 2 .
All library spectra can be directly accessed and retrieved through the web page http://archives.pd.astro.it/2500-10500/. A distribution via DVDs will be possible in special cases (to be arranged directly at munari@pd.astro.it). The data are planned to be accessible via the CDS in Strasbourg and ESA web pages. 
Test applications
Some test applications have been already carried out with profit using parts of the library while its computation was still in progress. They are briefly mentioned below to the aim of outlining a few potential uses and the type of results that can be expected.
A first type of application sees the use by Siviero et al. (2003) and Marrese et al. (2004) of the library at R P =20 000 as a source for templates in cross-correlation determination of accurate radial velocities from observed spectra of the same resolving power spectra of double-lined eclipsing binaries, providing radial velocities with external errors well below 1 km sec −1 on rapidly rotating F-G components. The same two papers used the library to derive via χ 2 fit the atmospheric properties of the same eclipsing binaries and to compare them with the values geometrically determined from the orbital solution.
The comparison provides the same gravities within 0.03 dex, the same rotational velocities within 4 km sec −1 and the same difference in temperature between the two components within 42 K (0.6%), on average.
In another application, Munari et al. (2004b) used the library at R P =8500 to automatically derive radial velocities and atmospheric parameters (T eff , log g, [Fe/H]) for a subsample of the data collected by the RAVE survey during the first 1.5 yr of operation. In comparing repeated observations of stars in common with Geneva-Copenhagen survey of local F-G dwarfs by Nordström et al. (2004) , which is based on CORAVEL velocities and atmospheric parameters from ubvyHβ Strömgren photometry, the radial velocities are the same within 1.2 km sec −1 , U.Munari, R.Sordo, F.Castelli and T.Zwitter: An extensive library of 2500-10500 Å synthetic spectra 5 and the photospheric parameters within 160 K (5%) in T eff , 0.45 dex in log g, 0.09 dex in [Fe/H], on average. Tantalo et al. (2004) used the library, in the 1 Å/pix version, to calibrate the Lick stellar population photometric indices. Each index is based on three narrow and adjacent square bands, the two external bands serving to estimate the underlying continuum for the central one. This make the indices insensitive to spectral slopes or low frequency perturbations of the continuum, and to the inclusion or not of PLs in the computation of the spectra. Similar applications of the present library can be ported to other photometric systems based on similar concepts of side-and-central bands, like those of Deeming (1960) , Griffin (1961) , Peat (1964) and the many other similar ones surveyed by Fiorucci and Munari (2003) .
The library, in the 10 Å/pix version, was also used in broad band photometric applications by Munari et al. (2004a) while deriving a precise distance to the Pleiades via orbital solution of the eclipsing binary HD 23642. Magnitudes in 10 different photometric systems were found in literature for this star, and they were used to derive temperature, gravity and reddening of both components of the binary via calibration on the synthetic library. The problem of missing PLs has been overcome by imposing the match of zero points to observed Vega colors in each photometric system, which assured placing on the proper frame given the proximity in physical parameters of the A2V HD 23642 and A0V Vega. Both the reddening and the atmospheric parameters so derived matched exactly those derived by spectral fitting and equivalent width of interstellar lines.
